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ABSTRACT 
 There is no doubt that outbreak of Brucella infection cause 
significant economic losses. Although the financial loss expressed in any 
currency may vary from one country to anther, a few denominators are 
the same everywhere. The farmers suffers loss of income due to abortion, 
the consequent loss of milk production and prolonged fattening time of 
lambs (meat production) due to birth of premature animals and low 
fertility rates. 
 This study was there fore carried out to determine the prevalence of 
caprine brucellosis in Khartoum North. A total of 368 samples consisting 
of  168 milk, 200 serums were examined for the presence of antibodies to 
Brucella. The samples were collected from different localities in 
Khartoum North. 
 Three serological tests, Rose Bengal Plate Test (RBPT), Capillary 
Tube Agglutination Test (CTAT) and the Agar Precipitation Test (AGPT) 
were carried out. Milk samples were tested by the Milk Ring Test (MRT). 
 The results showed that rates of positive reactors were 10.5% by 
RBPT and CTAT. A much higher percentage of positive reactors 16% 
obtained with MRT. 
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  ﺣﺔﻣﻠﺨﺺ اﻻﻃﺮو
  
  
ﺑѧﺎﻟﺮﻏﻢ . ﻻ ﺷﻚ ان اﺗﺸﺎر وﺑﺎء ﻟﻤﺮض اﻻﺟﻬﺎض اﻟﻤﻌѧﺪى ﻳѧﺴﺒﺐ ﺧѧﺴﺎر اﻗﺘѧﺼﺎدﻳﺔ   
 ،ﻣﻦ ان اﻟﺨﺴﺎﺋﺮ اﻟﻤﺎدﻳﺔ ﻳﻌﺒﺮ ﻋﻨﻬﺎ ﺑﻤﺨﺘﻠﻒ اﻟﻌﻤﻼت ﺑﺎﺧﺘﻼف اﻟﺪول اﻻ ان هﻨﺎك ﺧѧﺴﺎﺋﺮ ﻣѧﺸﺘﺮآﺔ 
ﻣﻌﺎﻧﺎة اﻟﻤﺮﺑﻴﻴﻦ ﻣﻦ ﻗﻠﺔ اﻟﺪﺧﻞ ﻧﺘﻴﺠﺔ ﻟﻼﺟﻬﺎض و ﻣﺎ ﻳﺘﺒѧﻊ ذﻟѧﻚ ﻣѧﻦ ﺧѧﺴﺎﺋﺮ ﻓѧﻰ اﻧﺘѧﺎج اﻟﻠѧﺒﻦ واﻃﺎﻟѧﺔ 
ﻧﺘﻴﺠѧﺔ ﻟѧﻮﻻدة ﺣﻴﻮاﻧѧﺎت ﺿѧﻌﻴﻔﺔ اﻟﻨﻤѧﻮ و اﻧﺨﻔѧﺎض ( اﻧﺘѧﺎج اﻟﻠﺤѧﻮم) ﻟﻠﺤﻤѧﻼن  ﻟѧﺼﻐﺎرﻤﻴﻦزﻣѧﻦ اﻟﺘѧﺴ
  .ﻣﻌﺪﻻت اﻟﺨﺼﻮﺑﺔ
اﺟﺮﻳﺖ هﺬﻩ اﻟﺪراﺳﺔ ﻟﻤﻌﺮﻓﺔ ﻣﺪى اﻧﺘﺸﺎر اﻻﺟﻬﺎض اﻟﻤﻌﺪى ﻓﻰ اﻟﻤﺎﻋﺰ ﻓѧﻰ ﻣﺤﻠﻴѧﺔ   
 ﻋﻴﻨѧﺔ ﺳѧﻴﺮم ﻟﻠﺘﺎآѧﺪ ﻣѧﻦ 002 ﻋﻴﻨѧﺔ ﻟѧﺒﻦ و 861 ﻋﻴﻨѧﺔ ﺷѧﻤﻠﺖ 863وﻗﺪ ﺗﻢ ﻓﺤѧﺺ . اﻟﺨﺮﻃﻮم ﺑﺤﺮى 
  . ﺟﺴﺎم اﻟﻤﻀﺎدة ﻟﻠﺒﺮوﺳﻴﻠﻼوﺟﻮد اﻻ
وﻟﻘﺪ ﺟﻤﻌﺖ اﻟﻌﻴﻨﺎت ﻣﻦ اﻣѧﺎآﻦ ﻣﺨﺘﻠﻔѧﺔ ﻣѧﻦ اﻟﺨﺮﻃѧﻮم ﺑﺤѧﺮى وﺗѧﻢ ﻓﺤѧﺺ اﻟﻌﻴﻨѧﺎت   
. اﻟѧﺘﻼزن ﻓѧﻰ اﻻﻧﺒѧﻮب اﻟѧﺸﻌﺮى و اﻟﺘﺮﺳѧﻴﺐ ﻓѧﻰ اﻻﺟѧﺎر , ﺑﻮاﺳﻄﺔ ﺛﻼﺛﺔ اﺧﺘﺒﺎرات هﻰ اﻟﺮوز ﺑﻨﻐﺎل 
ت اوﺿѧѧﺤﺖ اﻟﻨﺘѧѧﺎﺋﺞ ان ﻧѧѧﺴﺒﺔ اﻟﺤﻴﻮاﻧѧѧﺎ  .وﻗѧѧﺪ ﻓﺤѧѧﺼﺖ ﻋﻴﻨѧѧﺎت اﻟﻠѧѧﺒﻦ ﺑﻮاﺳѧѧﻄﺔ اﺧﺘﺒѧѧﺎر ﺣﻠﻘѧѧﺔ اﻟﻠѧѧﺒﻦ 
وارﺗﻔѧﺎع ﻓѧﻰ , ﺑﻮاﺳﻄﺔ اﺧﺘﺒѧﺎرى اﻟѧﺘﻼزن ﻓѧﻰ اﻻﻧﺒѧﻮب اﻟѧﺸﻌﺮى و اﻟѧﺮوز ﺑﻨﻐѧﺎل % 5.01اﻻﻳﺠﺎﺑﻴﺔ 
 . اﻟﻨﺘﺎﺋﺞ اﻟﻤﻮﺟﺒﺔ ﺑﻮاﺳﻄﺔ اﺧﺘﺒﺎر ﺣﻠﻘﺔ اﻟﻠﺒﻦ
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INTRODUCTION 
      Brucellosis is an infectious disease of animals and man caused by members 
of the genus Brucella. The disease was reported in cattle, buffaloes, sheep, 
goats, camels, dogs, horses and pigs, and it has a worldwide distribution. 
        Brucellosis is characterized in cattle, sheep, and goats by placentitis 
resulting in premature expulsion of the foetus. Bovine brucellosis causes 
considerable economic losses due to abortion, premature, weak or dead calves. 
It also leads to infertility, sterility and decrease in milk yield due to mastitis. 
        Brucella melitensis (Br. melitensis) was the first species reported as the 
cause of a serious disease of man resulting from consumption of raw goat milk. 
The disease known as brucellosis, undulant fever or Malta fever .The causal 
organism was first isolated by Bruce (1887) from the spleen of a British soldier 
who died from an illness after drinking raw goats milk in Malta .Brucellosis is 
caused in cattle by Brucella abortus  (Br .abortus ) ,in sheep and goat by Br. 
melitensis  , and in swine by Brucella suis (Br .suis ) .In addition there are two 
other  important species, Brucella ovis  (Br .ovis )which causes orchitis in rams 
and Brucella neotome  (Br .neotome ) which is a pathogen of rats. 
         Sudan has 43.8 million goats (AOAD, 1998) .These animals are of great 
economic importance and are kept for meat, milk, hair and skin. Goats are 
usually kept in small numbers for milk supply in pens or yards near human  
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dwellings .Therefore, there is close association between these animals and man 
in villages and towns. 
       In recent years, the Ministry of Animal Resources and Fishers paid great 
attention to brucellosis in the country.  Many seminars and work-shops were 
held to discuss and formulate plans for the study and control of the disease in 
Sudan with special emphasis on brucellosis in small ruminants. This was 
considered a priority because the Ministry is paying great attention to goat 
production and already imported foreign breeds to improve local goats. 
        Due to the limited number of investigations on caprine brucellosis in the 
country, the objectives of present work were done in East Nile locality for 
following reason: 
1. To provide additional information on the problem for future control 
strategies. 
2. To ensure that the Milk consumption has greatly increased in recent years in 
Khartoum state and part of the milk is supplied by goats. 
3.  To ensure that Br .melitensis causes a very serious disease in man as well as 
goat which is the main source of infection, thus it’s necessary to investigate 
the disease in goats .This is obvious when we take into consideration the fact 
that there are many human febrile conditions of uncertain aetiology and that 
testing human sera for antibodies to Brucella has increased.  
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4. To be aware that Khartoum State has become a supplier of goat meat and 
live animals for export and some of the importing countries demand a 
certificate of freedom from Brucellosis .It is therefore, necessary to 
determine the disease situation in the State so as to formulate a control 
policy and guarantee a steady supply of Brucella –free goats for export. 
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CHAPTER ONE 
                                  LITERATURE REVIEW  
1 .1   Brucellosis 
          Brucellosis is a bacterial disease caused in animals and man by members 
of genus Brucella. The disease in animals is characterized by bacteraemia 
followed by localization of the organism in the reticuloendothelial tissues, 
reproductive organs and sometimes joints. Lesions of the reproductive tract of 
the pregnant female in cattle, sheep and goats may result in death and abortion 
of the foetus. Brucella also causes lesions in the male reproductive organs in 
cattle, sheep, goats and dogs and also bursitis in horses (Gillespie and Timoney, 
1981). 
           Caprine and ovine brucellosis is endemic in countries around the 
Mediterranean Sea, Iran, India, Kenya, and Southern part of Russia, Mexico, 
Latin America and the southern part of the United States (Robertson, 1976). 
Two biotypes of Br .melitensis were isolated from a wild alpine apex and 
chamois in a Natural Park in Italy (Ferroglio et al, 1998). 
          In man Brucella melitensis causes a severe disease characterized by 
undulant fever, chills, headache, pain in legs, large joints and lumbar region, 
profuse nocturnal sweating, insomnia and sometimes laryngitis and bronchitis 
(Van DerHoeden, 1964). 
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1.2 The Genus Brucella 
  1.2.1   Morphology 
The genus Brucella (Br) belongs to the family Brucellaceae which 
includes six species, Br.abortus, Br. melitensis, Br. suis, Br.ovis, Br.canis, 
Br.neotomae (Bergey’s Manual of Systemic Bacteriology, 1984). 
The organism was named after David Bruce who first recognized the 
bacterium which causes Malta fever in man.  Brucella organisms appear as   
cocci, coccobaclli or short rods measuring 0.5 –0.7 µm diameter and 0.6- 105 
µm length. In stained smear, the organisms appear singly but may also appear 
in pairs, chains or small groups. They are non –motile, do not form spores and 
capsules. 
 1.2.2     Cultural and biochemical characteristics 
The organisms are aerobic but some strains require CO2 for 
primary isolation .Growth is slow and is usually visible after 48 hours of 
incubation at 37 C. Colonies are about 0.5mm in diameter and appear 
round, convex with smooth glistering surface. Enriched media are 
recommended for primary isolation and optimum growth such as serum 
agar, liver infusion agar, dextrose potato agar and glycerol potato agar 
(Buxton and Fraser, 1977) and Brucella agar. 
According   to   Bergey’s Manual of Systemic Bacteriology (1984) 
Brucella organisms does not produce acid from   carbohydrates in 
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conventional media except Br. neotomae. The catalase, oxidase ,H2S and 
urease  tests are positive but indole and Voges- Proskauer tests are  
negative .According  to Corbel (1990 ) and  Alton  et al, (1988 )  the  
characters for classification of the genus Brucella and biovar 
differentiation  are shown in Tables (1  and 2). 
1.2.3 Resistance to physical and chemical agents 
Heating at 60 C for ten minutes kill members of the genus Brucella. 
Brucella is susceptible to pH, disinfectants and direct sunlight. In foetus  
protected  from  direct  sunlight   Brucella   can survive  for several months  and 
will remain viable  for long periods at low temperatures  .Brucella can  survive 
for more than a year  in faeces  at 8 C  and  for much longer  time when stored  
at   -40 C   (Buxton  and  Fraser , 1977) . 
1.2.4   Antigenic structure and   toxins 
The Lipopolysacchride   protein   which is the outer layer of Br. abortus 
carries the surface   antigens “A” and “M” which are involved   in the 
agglutination reaction. These two antigens are   possessed by   smooth strains of 
Br. abortus, Br. suis and Br.melitensis, but in different proportions. It is 
therefore, not possible to differentiate Br.melitensis from the other two species 
by ordinary agglutination tests but this is possible by the agglutination 
absorption test using specific “A” or “M” antisera. Beside these two antigens 
there is a protein antigen which stimulates delayed type hypersensitivity. 
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Table 1: Table 1: Classification of the genus Brucella according to Corbel (1990)  
Growth on media containing Proposed taxonomic biovar 
designation                                        
Nomen species biovar Co2 
requirement 
H2 S 
Production Thionine 20µg/ml Thionine 20µg/ml 
Br. melitensis Biovar 1 Br. melitensis 1 - - + + 
 2  2 - - + + 
 3  3 - - + + 
Br. melitensis Biovar abortus 1  1 (+) + - + 
 2  2 (+) + - - 
 3  3 (+) + + + 
 4  4 (+) + -  + ** 
 5  5 - - + + 
 6  6 - - + + 
 7  7 - + + + 
Br. melitensis Biovar suis 1  1 - + + -*** 
 2  2 - - + - 
 3  3 - - + + 
 4  4 - - + (-) 
 5  5 - - + - 
 Br. melitensis Biovar ovis  Br. ovis  + - + (+) 
  Br. melitensis Biovar canis  Br. canis  - - + - 
   Br. melitensis neotomae  Br. neotomae  - + - - 
 
* More differentiation of Brucella abortus biovar 3 and six is by using thionine at 40 µg/ml biovar 3 =+ and biovar 6=- 
** Some strains are inhibited by basic fuchsin. 
*** Some isolates are resistant to basic fuchsin. 
(+) Most strains positive.          (-) Most strains negative. 
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Table 2: Biovar Differentiation of the species of the genus Brucella according to Alton et al. (1988) 
 
 
A=  Dye concentration, 20 ug/ ml in serum dextrose medium (1: 50000). 
b= A=A mono – specific antiserum ;  M=M mono –specific antiserum; R= rough Brucella antiserum.  
c = Usually positive on primary isolation. 
d = Some strains do not grow on dyes.       e       =    some strains are resistant.    f= Negative for most strains. 
 
  
Growth  on dyes Agglutination in sera Species Biovar  CO2 requirement H2S production 
Thionine Basic fuchsin   A M R 
Br. melitensis 1 - - + + - + - 
 2 - - + + + - - 
 3 - - + + + + - 
Br. abortus 1 +c + - + + - - 
 2 +c + - - + - - 
 3 +c + + + + - - 
 4 +c + - +d - + - 
 5 - - + + - + - 
 6 - - + + + - - 
 7 +or- + + + - + - 
Br. suis 1 - + - -e + - - 
 2 - - + - + - - 
 3 - - + + + - - 
 4 - - + -f + + - 
 5 - - + - - + - 
Br. neotomae  - + -g+ - + - - 
Br. ovis  + - + -f - - + 
Br. canis  - - + -f - - + 
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 The presences of four minor antigens in these organisms 
were shown by Agar gel precipitation test (AGPT). Non–smooth stains 
contain the R antigen and another surface antigen in place of the “A” and 
“M” of smooth strains. R antigens are lipopolysacchride   with low protein 
content. No extra cellular toxins were demonstrated in Brucella (Buxton 
and Fraser, 1977; Bergey’s Manual of Systemic Bacteriology, 1984 and 
Hagan and Burner, 1988). 
1.2.5 Bacteriophage typing 
A large number of phages are active on members of the genus.  
These phages do not lyse bacteria of other genera. The rapid and reliable 
method   for the identification of Brucella at both genus and species levels 
is bacteriophage typing. The  phages  routinely  used  for  this  purpose are 
Tb, Wb, Fi, Bk2 and  R  strains  (Corbel  and Hendry, 1983 ).The dilution  
of  the  phage  used  in  the test  is  called  the  routine  test  dilution  
(R.T.D). 
1.2.6 Antibiotic sensitivity 
According to Bergey’s Manual of Systemic Bacteriology (1984) 
nearly all Brucella strains are sensitive in vitro to gentamycin, tetracycline 
and rifamicin. More strains are also susceptible to ampicillin, 
chloramphenicol, erythromycin, kanamycin and combination of 
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sulfamethooxisole   and   trimethprim . Susceptibility  to  antibiotics    
varies 
 
 between  species and  even  between  biovars  and  strains  of  the  same 
species. Most Brucella strains are resistant to penicillins, cephalosporin, 
polymyxin and nalidixic acid and nearly all strains are resistant to 
bacitracin, clindamycin, linomycin, nystatin and vancomycin. 
    1.3 Caprine brucellosis 
Brucellosis can be   septicaemic and be acute leading to death.  It 
may also be sub acute or chronic. Abortion  is  the  most  characteristic  
symptom  of  caprine  brucellosis  in  primarily  infected  herds  which  
may  reach  50 – 90 %  .  But  the  abortion  rate  in  herd  repeatedly  
infected  may  be  10 – 20 %  (Van  Der  Hoeden ,1964  and  Robertson , 
1976 ) . 
1.3.1 History 
Man and animals Brucellosis was known in ancient times.  Zammit 
(1905 a, b) discovered that the goat was the main host of Br. melitensis. 
He  was  able  to  demonstrate  agglutination  reaction  with  the  serum  of  
some  apparently  normal  goats  and  isolated  the  causal  organism  from  
the  blood  of  two  of  them  and also from the spleen of a goat killed at an 
abattoir.  Brucella was isolated from the milk and urine of infected goats. 
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This proved that raw milk was the source of human brucellosis (Stablforth 
and Galloway, 1959). It was suggested that the disease was introduced by 
importing goats from Malta into Spain and adjoining countries. The 
disease  
 
was then brought from Spain to America (Huddleson, 1943). 
1.3.2 Aetiology 
Caprine Brucellosis is naturally caused by Br. Melitensis, the first 
species of the genus isolated (Bruce, 1987). Br. melitensis contains three 
biovars 1,2,3 they have the same morphological and  cultural  
characteristics as these of the genus but it possesses  some  characters 
which can  differentiate the organism from  Br.abortus  which does not  
require CO2  for  primary  isolation. It  can  grow  in  media  containing  
thionin  and  does  not  produce  H2S. 
Sheep  and  goats  are  the  natural  hosts  but  may  infect  other  
species such  as  cattle, pigs  and  man. Smooth cultures are pathogenic for 
the   guinea   pig  and  mouse  .Non_ smooth  cultures  are   usually  
virulent  for  both  laboratory  animals  and  the  natural  host  (Bergey’s  
Manual  of  systemic  Bacteriology ,1984). 
1 .3 .3 Transmission 
In vaginal secretion after parturition or abortion the organisms are 
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excreted in large number for up to four months. Other   sources of 
infection are placenta, contaminated urine and faeces. The organisms enter 
the body by ingestion of contaminated fodder or drinking water and by 
licking the skin of newly borne animals. Infection may also occur through 
the mucous membrane of the respiratory tract, the conjunctiva and broken 
skin. Infected semen used for artificial insemination can be a mean of 
transmission while the male does not commonly spread the infection at 
natural service. 
1 .3 .4     Clinical features 
The appearance of the disease in a herd for the first time may result 
in few abortions. This develops to a serious storm of abortion which will 
decrease, and the disease becomes endemic. Goats usually abort once 
from the fourth month of gestation to term. The incidence of infertility 
increases due to chronic metritis. 
Goats may show lameness, hygroma, bronchitis, with a short cough  
but  after  an incubation  period  of 3 to 20 weeks  the  predilection  sites  
of  Br. melitensis  are  the  uterus,  udder  and  the  mammary lymph  
nodes  in female and the  testicles  in males. Strangely enough, 
interference with fertility caused by orchitis seems to be limited. Infected 
goats and  sheep may excrete the  organism  in  the  milk for years 
(Stableforth and Galloway, 1959 ; Robertson, 1976  and  Alton,  1985). 
The first  sign  observed in  up  to  68 %  of  infected milking goats 
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is  mastitis which excrete the organisms in milk for 4 to 6 weeks  after  
parturition (Van  Der Hoeden,  1964). 
1.3.5   Lesions 
Lesions of Br. melitensis infection in goats are similar to those of 
Br.abortus infection in cattle (Buxton and Fraser, 1977).  There is a 
necrotic placentitis. Some cotyledons become swollen, hyperemic and 
surrounded by a brownish exudates. Robertson (1976) stated that 
abscesses may occur in the spleen and costochondral   cartilage. 
1.3.6   Diagnosis  
Many methods are used for the diagnosis of brucellosis. 
1.3.6.1   Direct smear 
The presumptive bacteriological diagnosis of Br. melitensis  can  be  
made  by  means of microscopic examination of the smear from vaginal  
swabs,  placenta, aborted  foeti,  foetal  stomach  content  and  ram  semen  
after  staining  with  either  modified   Koster’s  method  (Christofferson  
and  Ottosen, 1941) or the modification of the Ziel - Neelsen stain. 
Brucella organisms appear pink against a blue back ground and appear  
single  or  in  clumps  intracellular as well as extracellular  (Buxton  and  
Fraser , 1977 ). 
1.3.6.2   Bacteriological    examination 
The only reliable method for diagnosis of Brucellosis in small 
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ruminants is based on the isolation of Brucella bacteria (Alton et al; 1988) 
Vaginal swabs and milk samples are the best samples to isolate 
Br.melitensis from sheep and goats. The spleen and lymph nodes  (iliac , 
mammary  and prefemoral) are the most reliable samples for isolation 
purpose in necropsied  animals  (Marin  et  al ;1996 a ).  Cultures  must  
also  be  incubated  in  the  presence  of  5%  to  10  %  CO2 to  detect the  
presence of Br. abortus (Stableforth and Galloway, 1959). Suitable media 
for the isolation of Brucella are serum-dextrose agar, serum tryptose agar, 
glycerol dextrose agar, Brucella agar and potato agar.  
1.3.6.3 Guinea pig inoculation 
This method is more successful than direct culture specially when 
dealing with contaminated material. Animal tissue, secretions and 
excretions are inoculated intraperitoneally if the is material free from 
contamination. Milk or decomposed animal tissue is inoculated 
subcutaneously or intramuscularly. In the case of milk a mixture of cream 
and sediment is used. Two animals are used for each test; one will be 
killed after 3 weeks and the other after 6 weeks. The animals are tested for 
lesions and the sera tested for agglutinins. Typical lesions include necrotic 
foci in liver, spleen, lymph nodes and orchitis in male guinea-pigs. The 
spleen lymph nodes and the other tissue containing lesions are minced and 
cultured in solid media as serum dextrose agar without inhibitory dyes or 
antibiotics. Recovery from the spleen or  positive serum  agglutination  
 15
test  (SAT ) at 1/10 dilution or higher  are  taken  as  evidence of  infection 
(Alton et al; 1988). 
1.3.6.4   Serological Tests 
A variety of serological tests are therefore extensively used for 
routine diagnosis of brucellosis. However, it is believed that no  single  
method  is  completely satisfactory because  none of the tests is both 
sensitive and specific, and has the ability to discriminate between 
vaccinated animals from non-vaccinated ones and  detecting  infected  
animals  in  the  incubation  period  (Buxton  and  Fraser, 1977 ). There 
are many serological tests for diagnosis of brucellosis using body fluid 
such as sera, hygroma fluids, milk, vaginal mucus, semen, bursa and 
muscle juices. These  tests  include  Rose  Bengal  Plate  Test  (RBPT 
),Serum and Tube Agglutination Test (SAT or TAT ), Complement 
Fixation Test (CFT ), Card  test, plate agglutination test, modified SAT ,  
comb’s indirect  haemolysis  test (IHLT),  haemolysis  in gel test (HIGT), 
indirect haemagglutination test(SHAT), enzyme linked  immunosorbent  
assay (ELISA), milk ring test (MRT ), whey  agglutination  test  ( WAT ) 
and  allergic  skin  test (AST ). RBPT, MRT, SAT, ELISA and CFT are 
the conventional diagnostic methods (WHO, 1992). 
1.3.6.4.1   The Tube Agglutination Test (TAT) 
This test is universally used for the diagnosis of human and animal 
 16
brucellosis. It is the method of choice for cattle. However, many infected  
goats, sheep and human start to not give a positive reaction despite the 
fact that they may be positive to other tests such as the CFT (Stableforth 
and Galloway, 1959). Application of this test leads to recognition of 
caprine brucellosis (Zammit, 1905a). Sometimes TAT may give a false 
positive  reaction  as a result of cross -reaction  between  antigens of 
Brucella  and  unrelated  organism  such  as Yerseinia  enterocolitica or  
may  be  due  to non – specific agglutinin distinct from antibodies, which 
are present in certain bovine sera (Hess, 1953 a,b). It was reported that the 
traditional agglutination with sheep and goats sera lacks both sensitivity 
and specificity even when 5% saline solution which improves the 
performance of the test is used. 
1.3.6.4.2 The Rose Bengal Plate Test (RBPT) 
This test is widely used as a screening test to detect the presence of 
Br.abortus infection in cattle (Morgan et al; 1969 and Alton et al; 1975). 
Also it can be used as a definitive test (Nicolett, 1967) 
Rose and Roepke (1957) modified the plate agglutination test by 
buffering the antigen at pH 4 immediately before use to differentiate 
specific Brucella agglutinins from the non – specific factors. They found 
that at this pH agglutination of Br. abortus cells by the non–specific 
agglutinins of bovine serum was inhibited but the activity of specific 
Brucella antibodies  
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was largely unaffected. The RBPT is a modification of the acid–plate test 
employing a suspension of Br. abortus organisms stained with Rose 
Bengal dye and buffered at pH  3.65 (Corbel , 1972 ). Morgan et al., 
(1969) found that the results obtained by RBPT were comparable to TAT 
and the CFT. Corbel (1972) found that the antibodies active in the RBPT 
were immunoglobulin of IgG1 classes. Other immunoglobulin classes 
were inactive in the RBPT although active in other tests. 
1.3.6.4.3     The Complement Fixation Test (CFT) 
 This  test  is  used  for  confirming  the  results  of  the  RBPT  
and  SAT. The test was found to be more accurate for bovine  brucellosis 
(Morgan  et al; 1973 ) and  was  superior to other  tests  in  sensitivity  and  
specificity  (Meyer, 1979 ). 
Sutherland et al., (1982 ) reported that  the  test  has  some  
limitations, mainly its failure to differentiate between  infected and  
recently vaccinated animals beside the difficulties associated  with  
performing the test. Buxton  and Fraser (1977) reported that  the  test  was  
useful in detecting chronically infected  animals  in  which  the 
complement  fixing  antibodies  disappear  more slowly than agglutinins. 
It was also reported that Ig G1 was  responsible  for  the  complement  
fixing  activity of  the serum and  that  the  RBPT and CFT reactions are 
probably due to the same   
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antibodies  (Corbel , 1972 ). 
1.3.6.4.4   Agar Gel Precipitation Test (AGPT) 
The test was described by Bruce and Jones (1958). They found that 
cultures of Br. melitensis but not Br. abortus and Br. suis  produced a 
diffusible antigen which formed one to three  precipitation  bands  with  
sera  of  rabbits , goats  and  cattle  infected with Br . abortus and Br. 
melitensis.  Waghela et al. (1980) reported that the AGPT was a very 
specific test. 
1.3.6.4.5   Enzyme - Linked Immunosorbent   Assay (ELISA) 
In comparison of ELISA with the CFT and RBPT for detecting 
antibodies to Br.abortus, Sutherland et al. (1986) showed that ELISA was 
more sensitive than CFT and RBPT particularly in herds where Br. 
abortus biotype 2 was present. They  recommended  that  ELISA  should  
be  used  together  with  CFT  in  eradication  programs. 
1.3 .6 .4.6 Polymerase Chain Reaction (PCR) 
The PCR technique is a very useful tool for the diagnosis of 
brucellosis because of its simplicity, higher degree of sensitivity and 
specificity together with its speed, versatility in sample handling and risk 
reduction for laboratory personnel, (Morata et al., 2001). Serum sample  
should be used preferable  over  whole  blood  for  the  molecular  
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diagnosis  of  Brucellosis, (Zerva et al ., 2001). The test was used to 
diagnose  caprine  brucellosis  and  it  was  shown  to  be  more  sensitive  
than  the  RBPT  and  culture  techniques (Leal – Klevezas et al., 2000). 
1. 3.6 .5 the Milk Ring Test (MRT) 
The MRT is widely used as a herd test to determine brucellosis in 
dairy cattle, but it is not sensitive enough to detect brucellosis in goats 
(Shimi and Tabatabayi, 1981). The MRT was proved to be sensitive and 
specific for screening dairy herds and for identifying infected ones with 
milk from individual animals or bulk milk samples (Morgan, 1967). 
1.3.6.6 Whey Agglutination Test (WAT) 
The test is of value for detecting animals which are excreting 
Br.abortus. After preparation, whey is tested by the same method as the 
TAT (Buxton and Fraser, 1977). 
1. 3 .6. 7   Capillary Stained Antigen Test (CSAT) 
This test  was  used  by  king  (1951 ) to detect  antibodies  to  Brucella  in  
bovine milk.  He found that  the  test  was  satisfactory  and  was not  
affected  by  low  fat  content . 
1. 3. 6.8   Allergic Test 
There is no general agreement of the value of the test which is used 
in some countries to detect brucellosis in sheep, goats, pigs and cattle. The 
test is useful as a screening test in non – vaccinated herds. Animals which 
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had no previous exposure to infection and show negative serological test 
are usually negative to the allergic test. It was also reported that animals, 
shedding the organism in milk or genital secretion may be negative to the 
test. Allergic test considered unreliable for diagnosis of the disease in 
individual animals because vaccinated animals and those which cleared 
themselves of natural infection may remain positive for a long time. 
Brucella allergins are a mixture of protein and polysaccharide or 
lipopolysaccharide antigen. When the polysaccharide is present in 
sufficient quantities it will produce indurations, erythema and necrosis on 
the skin at the site of inoculation in normal animals and will stimulate 
antibodies formation. The anamnestic rise in agglutinins following the 
allergic test is due to the presence of lipopolysaccharide antigens even in 
small quantities (Alton, 1975). 
1. 3. 7    Serological   Cross - reactions 
In both the agglutination and CFT strong cross-reactions occur 
between smooth species of Brucella and Yersinia   enterocolitica serotype 
9. Cross– reactions with Brucella were also reported in cases of infection 
or vaccination with some strains of Campylobacter, Pasteurella and 
Salmonella (Alton et al., 1975). 
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1. 3. 8   Control   of the   Disease 
The   principles  of  control  of  caprine  brucellosis  are  similar  to  
those  employed  for  bovine  brucellosis (Robertson , 1976 ). At the farm 
level good hygiene, management and vaccination are necessary but at the 
national level control requires nationwide vaccination and elimination of 
infected animals by blood testing and slaughter. However it is not always 
possible to adopt testing and slaughtering for control and eradication 
policy as recommended by FAO/WHO Expert Committee on Brucellosis 
(1953). Hygienic measures and vaccination are, therefore, applied for 
control the disease. 
1.3. 8.1 Hygienic Measures 
Hygienic measures in the farm should include introducing clean 
goats in the farm, separation of animals shortly before parturition, disposal 
of aborted fetuses and placentas, disinfection of the animals and their 
quarters. Animals should also be segregated after parturition or abortion 
until the vaginal secretion stops. 
1.3.8.2   Vaccination 
Live avirulent Rev 1 and the killed H38 vaccines are used for the 
prevention and control of Br. Melitensis infection in goats and sheep. The 
Rev 1 was better than H38 as it does not only protect against abortion but 
also  
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reduces shedding of the organism (Gaumont et al., 1984). It was also 
reported that H38 stimulates a more persistent antibody response and that 
animals immunized with Rev 1 usually become serologically negative six 
month after vaccination (Falade, 1981). A disadvantage of Rev 1 is the 
possibility of localization in the placenta of pregnant animals. This may 
cause abortion. Localization in the udder and shedding in the milk also 
occurs (Hagan and Bruner, 1988). The recommended dose of Rev 1 
vaccine is (10)9 viable organism in volume of 1-2 ml injected 
subcutaneously. One vaccination produces long lasting resistance, re-
vaccination is not recommended. 
Br. melitensis H38 vaccine is frequently used (Alton, 1987). Strain 
19 has not given good results in goats injected as kids or adults before 
service (Stable forth and Galloway, 1959). 
1.3.9 Brucellosis in the Sudan 
1.3.9.1 Human Brucellosis 
The  disease  was  diagnosed  in  the Sudan  as  early  as  1904 in  a  
patient  at  Berber in the Northern  Province ( Haseeb,1950). Four years 
later, Simpson (1908) reported 20 cases of Malta fever clinically 
diagnosed in man in the Blue Nile and Kassala Provinces. Haseeb  (1950) 
and  Dafaalla  (1962 )  stated that  the  disease  was  diagnosed  in  all    
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provinces     except   
Bahr  El Ghazal  up to  1955.  Since then  the  occurrence  of  the  disease  
was  regularly  mentioned  in the  Reports  of  the  Sudan  Medical  
Services. 
1.3.9.2 Bovine Brucellosis 
        Bovine brucellosis was first diagnosed by Bennett (1943) who  
isolated Br. abortus from an aborted foetus of a cow in a dairy farm near 
Khartoum. The report by Bennett (1943) led to extensive serological 
surveys to detect antibodies to Brucella in cattle, sheep, goats and camels 
in most parts of the country. As a result of several cases of undulant fever 
among European residents in Barakat in Gezira area in 1953, the cows 
supplying the milk were examined for antibodies to Brucella. Many cows 
gave positive reactions to the SAT and Br.melitensis was isolated from the 
milk of one of them. Br.melitensis was also isolated from the milk of a 
sheep and goat sharing grazing with the cattle (Dafaalla and Khan, 1958). 
Bovine brucellosis was serologically diagnosed in diary herds in Malakal 
and Tong in the Southern Sudan in 1953, in El Obeid dairy farm in 
Western Sudan and in Kenana cattle at Singa in the Blue Nile Province 
(Dafaalla and Khan, 1958). The disease was also serologically diagnosed 
in the Upper Nile Province in the Southern Sudan. Nasri (1960) examined 
5689 serum samples collected from nine districts of the Province and 
found that the number of positive   reactors  varied  from  14%  to  18%. 
 24
The   disease   was      also  
serologically diagnosed in many other parts of the country. Abdulla 
(1966) examined 298 cattle at Wadi Halfa in the Northern Province and 
reported that 3% of the animals were positive. Mustafa and Hassan (1969) 
found that in the Fung District of the Blue Nile Province the number of 
positive cattle in the east and west bank of the Blue Nile was 8.7% and 
5.7%, respectively. Brucellosis was also serologically diagnosed in 
various parts of the country by other workers (Ibrahim and 
Habiballa,1975;Habiballa,1977;Omer et al.,1977; Bakhiet,1981; Shallali 
et al.,1982; ElWali et al.,1983;Suliman,1987; El Hussein et al.,1991; 
Mahmoud,1995 and Musa,1995). 
1.3. 9 .3 Caprine Brucellosis 
Although much work was done on bovine brucellosis, little 
attention was given to caprine brucellosis despite the fact that the 
veterinary services became aware of caprine brucellosis before bovine 
brucellosis. It was stated in the Annual report of the Sudan veterinary 
service (1934) it was stated that undulant fever existed in the Sudan and 
Br.melitensis had been isolated from human patients. Until that year no 
evidence of goat infection was found. In 1934 one sample of goat serum 
of high agglutination titre was received, and being the first of its kind, it 
was found worthy of placing on record. Some of the workers who carried 
out serological investigation on the prevalence of 
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 brucellosis in cattle also tested at the same time available sheep and 
goats, but the numbers tested were many less than cattle. The rates of 
positive reactors in goats were 2.5%- 5.9% in the Gezira area (Dafaalla 
and khan, 1958), 5.7%- 8.3% in Upper Nile province (Nasri, 1960), 1.5% 
in Wadi Halfa (Abdalla, 1966), and 0.2% in Khartoum (Fayza et al., 
1990). Reports on the prevalence of brucellosis in goats were also made 
by Dafaalla (1962), El Sawi (1981) and Musa (1995). 
1.3.10.4 Brucellosis in camels 
The few serological investigations which were conducted revealed the 
presence of antibodies to Br. abortus in some of the tested camels 
(Mustafa and El karim, 1971; Abu Damir et al., 1984 and Musa, 1995). 
1.3.11 Isolation of Brucella 
Br. abortus was isolated from aborted bovine foeti (Bennett, 1943; 
Dafaalla and khan, 1958; Musa and Mitchell, 1985; Khalafalla et al., 1987 
and Musa and Jahans, 1990). The organism was also isolated from 
synovial fluid of cattle by Shigidi and Razig (1973), from bovine milk 
(Ibrahim, 1975; khalafalla et al., 1987; Suliman, 1987 and Musa, 1995) 
from camels in Butan area (Agab et al., 1995). Br. melitnsis was isolated 
from the milk of cattle, sheep and goats (Dafaalla and Khan, 1958) and 
from a ram in an infected flock (Musa, 1995). According to Musa (1995) 
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the strains of Br. abortus isolated in the Sudan were typed as Br.abortus 
biovar 6 and those of Br.melitensis as Br.melitensis biovar3. 
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CHAPTER TWO 
MATERIALS AND METHODS 
2.1 samples for serological examinations 
2.1.1 Sources of samples 
A total of 368 random samples consisting of 200 sera and168 milk 
samples were collected from different breeds of goats of different ages in 
different localities in Khartoum North. 
Serum and milk samples were examined for the presence of antibodies to 
brucella using RBPT, CTAT, AGPT and milk ring test. 
2.1.2 Collection of samples 
2.1.2.1 Milk samples 
After examining goats for udder and teat abnormalities milk 
samples were collected from healthy animals. 
 The whole udder was washed, dried and the tip of the teat was 
disinfected with 70% alcohol. The first stream of milk was discarded and 
then 5 ml of foremilk from each half of the udder were taken directly into 
a labeled sterile universal bottle and placed on ice in a thermos flask 
(Alton et al., 1988). 
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2.1.2.2 Serum samples. 
Five ml of blood were collected in sterile tubes from the jugular 
vein using a disposable syringe after clipping the hair and disinfecting the 
area with methyl alcohol. The syringes were placed in a slanting position 
and after clotting were taken to the laboratory on ice and placed in the 
refrigerator overnight. The serum was collected into abendorff tubes. The 
sera were tested immediately after collection or kept at -20 C until used 
within 48 hours (Alton et al., 1988). 
 
2.2 Serological tests 
The RBPT, AGPT and CTAT tests were used to determine the 
presence of anti bodies in sera. 
2.2.1 RBPT 
2.2.1.1 Antigen for the test 
The antigen used in the RBPT was obtained from Central 
Veterinary Research Laboratory, Soba (CVRL, Soba). The antigen was 
prepared and standardized as described by Alton et al, 1988. 
2.2.1.2   Procedure of the test 
The samples and the antigen were removed from the refrigerator 
and placed at room temperature for 1 hour. 
According to Alton et al (1988), equal volumes of undiluted serum 
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and stained antigen were placed on a slide, mixed well with a glass rod, 
rocked gently for 4 minutes and then the test was read. Any degree of 
agglutination was regarded as positive result, while no agglutination was 
regarded as negative result. 
2.2. AGPT 
The test was carried out as described by Nasri (1967).and Hayfa 
(2001) 
2.2.2.1 Preparation of the antigen 
Lyophilized culture of Br. abortus strain-19 obtained from CVRL, 
Soba, 3 ml were reconstituted with normal saline and cultured on Soya 
agar (8 gm of treptic Soya and 3mg of agar-agar were dissolved in 200 ml 
distilled water). Inoculated plates were incubated at 37 C in 5%-10% 
carbon dioxide. All incubated plates were examined daily for growth, 
colonial morphology and changes in the media. After 4 days, growth was 
tested for purity by examining smears stained with the Grams method. 
Colonies of Br. abortus strain-19 were harvested in phosphate 
buffered saline pH 7.2 (8gm sodium chloride, 0.2gm potassium chloride, 
1.15gm disodium hydrogen phosphate and 0.2gm potassium dihydrogen 
phosphate in 1000 ml distilled water). The cell suspension was transferred 
to sonicator tubes, immersed in an ice bath and sonicated at maximum 
output for 15 minutes (30000). Cell debris and unbroken cells were 
removed by centrifugation at 10000 Xg for 10 minutes. The supernatant 
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was taken and stored at 4 C until used. 
 
2.2.2.2 Preparation of agar gel 
The agar gel was prepared by dissolving 1.4gm of purified agar 
(Oxide) in 100ml normal saline. The gel was distributed in 12ml amount 
in plates and after solidification at room temperature they were kept in the 
refrigerator until used. 
 
2.2.2.3 Test procedure 
A rosette of six peripheral wells and a central well were cut in the 
agar with a template and plugs. The cut agars of the wells were removed 
with a Pasteur pipette the distance between the central and peripheral 
wells was 0.5cm. Each peripheral well was carefully filled with serum to 
be tested while the central well was filled with antigen. The plates were 
incubated for 10 days at room temperature in a humid chamber and 
examined daily for precipitation bands in a dark room through transmitted 
light. 
2.2.3 The CTAT 
2.2.3.1 Antigen for the test 
 The antigen used for the RBPT was used in this test. 
2.2.3.2 Procedure of the test 
 The test was done as described by Luoto (1953). Approximately one third 
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of the capillary tube was filled with the stained antigen and the remainder 
with undiluted serum by means of capillary action. 
The tubes were placed in a vertical position in wax with the antigen at the 
bottom. The tubes were then incubated at 37C for 2 hours. 
The macroscopic agglomerates indicated a positive reaction, absence of 
agglomerates indicated negative reaction 
 
2.3 Test for Detecting   antibodies in milk 
2.3.1 MRT 
2.3.1.1 Antigen for the test 
Stained antigen was supplied by the CVRL, Soba. 
2.3.1.2 Procedure of the test 
The procedure was as described by Alton et al. (1988). 
1. The milk samples were shaken gently to disperse the cream. 
2. One ml of milk was pipetted into on agglutination tube. 
3. One drop of antigen (0.03ml) was added by dropper. 
4. Then mixed gently and incubated at 37C for 3 hours. 
Results were recorded as follows: 
1. If agglutinated antigen falls to the bottom of the tube leaving the 
milk column white, this indicates a positive result. 
2. Ring formation at the top indicates a positive result. Clump of 
agglutinated antigen dispersed in the milk column is also a positive 
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result. 
- When no change in the appearance of the milk column occurs, this 
means a negative result (Alton et al 1988).  
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                                        CHAPTER THREE 
RESULTS 
 
3.1 Serological Test 
3.1.1 RBPT 
Out of the 200 samples tested 21 (10.5%) were positive. Twenty of 
the samples showed granular agglutination clearly visible by the naked 
eye, but one sample reacted weakly showing soft granular ring at the 
edges of the well in the plate. 
3.1.2 CTAT 
        Twenty one (1.5%) sera were found positive by this test (Table3). In 
positive test, macroscopic agglomerates readily visible to the naked eye 
appeared in the capillary tube. Negative reaction was indicated by the 
absence of such particles.   
3.1.3 AGPT 
        Three precipitation bands appeared after 2-3 days with each of the six 
tested sera and the positive serum as control but the negative serum 
control gave no bands. The bands were rather faint and joined identically. 
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3.2 Milk Tests 
3.2.1 MRT 
Twenty seven (16%) samples were positive to the test. In twenty 
five samples the antigen was clumped at the bottom of the tube. Ring 
formation at the top of the milk column was seen in the other two samples. 
Five doubtful results were observed. 
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Table 3: The results of survey of brucellosis in goats, Khartoum 
North: 
 
Area(Frequency) Test 
Shambat Haj 
yousef 
Kadro Droshap 
Total 
RBPT .Positive - 3(15%) 14(7%) 4(2%) 21(10.5%) 
Negative 43(21,5%) 82(41%) 46(23%) 8(4%) 179(89,5%) 
MRT   .Positive - 4(2.4%) 18(10.7%) 5(2.9%) 27(16%) 
Negative 36(21,4%) 66(39,3%) 37(22%) 2(1.2%) 141(84%) 
CTAT .Positive - 3(1,5%) 14(7%) 4(2%) 21(10,5%) 
Negative 43(21,5%) 82(41%) 46(23%) 8(4%) 179(89,5%) 
AGPT. Positive - - 2(1%) 1(0.5%) 3(1,5%) 
Negative 43(21,5%) 85(42.5%) 58(29%) 11(5.5%) 197(98,5%) 
 
 
  
Table4: Agreement between Tests Kappa statistics 
 
Test Agreement Kappa Statistic 
RBPT&MRT 98,50% 5,92ª 
RBPT&CTAT 100% 1ь 
RBPT&AGPT 91,46% 5,24с 
MRT&CTAT 98,50% 5,92ª 
MRT&AGPT 90,95% 5,22с 
CTAT&AGPT 91,46% 5,24с 
 
a: good agreement                    b: complete agreement 
 
c: poor agreement 
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Chi-square (χ2) = 0.034   P-value 0.8 
 
 
Figure 1: The relationship between sex and prevalence of brucellosis 
in goats 
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Chi-square (χ2) = 1.645   P-value 0.200 (not significant) 
 
 
Figure 2:  The relationship between breed and prevalence of 
brucellosis in goats 
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Chi-square (χ2) = 43.712   P-value 0.000 (highly significant) 
 
Figure 3:  The relationship between history of abortion and 
prevalence of brucellosis in goats 
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Chi-square (χ2) = 5.684   P-value 0.017 (significant) 
 
Figure 4:  The relationship between mixed herds and the prevalence 
of brucellosis in goats  
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CHAPTER FOUR 
DISCUSSION 
 
Brucellosis caused by Br. melitensis is an important zoonotic 
disease. Human Brucellosis is widely distributed all over the world, with 
regions of high prevalence such as Mediterranean region, Middle East, 
Latin America and Asia. Beside this potential, Brucellosis in goats is an 
important animal disease which affects many regions where small 
ruminants are the predominant species of domestic animals. 
In the Sudan since the diagnosis of the disease by Bennett (1943), 
many surveys have been carried out on Brucellosis in the country. Most of 
the work was directed towards bovine brucellosis because of the larger 
number and higher value of cattle. Recently, The Ministry of Animal 
Resources and Fisheries and Animals owners paid great attention to goat 
production and have already imported foreign breeds to improve local 
goats. 
In the presented work three serological tests, RBPT, CTAT and  
AGPT were used and milk samples were examined by the MRT.   
The results of the study showed prevalence of 10.5% by the RBPT 
and CTAT, 1.5% by the AGPT. The results of milk samples showed 
prevalence rates of 16%by the MRT. 
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 The results of the RBPT for serum are slightly higher than those 
reported by some earlier workers who used the same test. Although 10.5% 
of the goats tested during the present work were found positive, El Sawi et 
al, (1981) found that 0.65% of goats tested were positive and this was the 
same figure they obtained with the TAT. Fayza et al, (1990) examined 
2233 sera from goats destined for export and found that only 0.1% were 
positive. Ginawi (1997) screened 190 goats sera for brucellosis and found 
them all negative  (0%).Hayfa (2001) found that 1.5% were positive 
.However, the goats tested were of different numbers and from different 
parts of the country and this might have an effect on the results. These low 
rates indicated that caprine brucellosis is probably not a common disease 
among local goats in the Sudan. No differences were noticed in the 
present work in the prevalence rate of the disease among the different 
breeds. 
The CTAT, for serum, during the present work showed that 10.5% 
of the goats were positive reactors and this is the same as the result of the 
RBPT. This test was used by Nasri (1962) for the detection of Q fever 
antibodies in the sera and milk of cattle, sheep, goats and camels in the 
Sudan. The test is easy to perform and does not require much equipment, 
and gave results identical with the RBPT. 
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The AGPT was introduced for the caprine brucellosis in the Sudan 
for the first time by Hayfa (2001). The test can be used to detect both 
antibody in the sera of animals or antigen in tissue fluids such as pleural 
exudates. The result of the test in this study has showed a prevalence of 
1.5%. Three positive samples gave precipitation bands, which joined 
identically. The bands appeared after three days and were faint which may 
be due to a poor quality of the antigen. 
The percentage of the positive reactors in milk was found to be 16% 
by the MRT. This rate is higher than that obtained by other serological 
tests. When the MRT was positive the other tests were also found positive 
but when the MRT was weak positive the other tests were mostly 
negative. Such observations throw doubt on weak positive MRT results. 
Such results may be some times due to mastitis (Musa, 1995).              
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Conclusions and Recommendations 
Results of the present work showed that the prevalence rate of 
caprine brucellosis in Khartoum North is not high. 
Because brucellosis is a disease of major economic and public 
health importance, a strategy for its control in small ruminants should be 
adopt by the Ministry of Animal Resources and Fisheries. 
Introduction of the exotic breeds encouraged the spread of the 
disease. 
More extensive surveys are needed to determine the size of the problem of 
brucellosis in goats.    
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